The aim of this study was to establish a simple and safe method of anaesthesia for intravital microcirculatory observations in small laboratory animals. The usefulness of iso urane inhalation anaesthesia has been investigated in different strains of mice commonly used in experimental medicine. These were the hairless (hr=hr, nˆ12), the BALB=c (nˆ12) and the nude mouse (nu=nu, nˆ3). Anaesthesia was maintained by mask inhalation of iso urane vaporized at concentrations of up to 4% in the induction phase, at 1.5% during acute surgical procedures and at 0.8-1.3% during prolonged experimental observations. Iso urane was vapoured in a N 2 O=O 2 mixture and saturated with 32-36% F i O 2 . During observations the body temperature was kept constant at 37¯C. The tail artery was cannulated for monitoring of mean arterial blood pressure (MAP) and heart rate (HR). To maintain the body uid balance, isotonic saline was administered at a constant rate of 0.2 ml=h. Arterial blood samples were drawn for blood-gas analysis at the end of the experiments. All animals survived the anaesthesia protocol lasting between 3 and 6.5 h. During iso urane inhalation, no breathing complications or changes in systemic circulatory parameters were observed. Mean values of MAP and HR were 79 § 3 mmHg and 486 § 13 min ¡ 1 , respectively, over the entire observation period. A moderate acidosis was recorded in animals under iso urane anaesthesia, with alterations of arterial blood pH, p a O 2 and pCO 2 values (7.29 § 0.06, 130 § 19 mmHg and 35.6 § 4.7 mmHg, respectively). In conclusion, inhalation anaesthesia with iso urane is useful for experimental studies in the mouse due to (1) the simplicity of administration of the anaesthetic, (2) the rapid induction of anaesthesia, (3) easy control of the depth of anaesthesia, (4) the low percentage of complications, and (5) stable MAP and HR during observations lasting several hours. The proposed technique is especially suitable for observations of the microcirculation under intravital uorescence microscopy.
Safe, long-term anaesthesia in small laboratory animals, especially mice, is indispensable in biological research. Prolonged in vivo physiological observations and creation of new research models require sophisticated microsurgical techniques and safe, hours-long anaesthesia. In some situations, which are especially important in intravital observations of the microcirculation, an easy to administer anaesthesia which does not affect the macrohaemodynamic parameters (MAP, HR) during observations lasting several hours is necessary. At present, various types of anaesthesia are available, based on administration of ketamine, chloral hydrate, barbiturates, benzodiazepines and other substances, and these are widely used in veterinary and experimental medicine. These anaesthetics are injected subcutaneously, intraperitoneally, intramuscularly or intravenously (Hohne 1974 , Peeters et al. 1988 , Gardner et al. 1995 . Unfortunately, irrespective of the route of administration, the effects of these drugs are dif cult to control. Unwanted side-effects that are often observed are caused by their long biological half-life. Also, in most of them, no effective pharmacological counter-effective measures are available. Therefore, prolonged anaesthesia in small laboratory animals may be detrimental and in some cases not even possible (Mack et al. 1994) .
Our study was designed to develop a simple, safe, hours-lasting, and easy to control anaesthesia in various mouse strains using iso urane as an inhalation anaesthetic that could be used for intravital microcirculatory observations.
Materials and methods
Twelve hairless (hr=hr), another 12 BALB=c and three nude (nu=nu) male mice (Charles River Inc., Sulzfeld, Germany) weighing 20-35 g were used in the study. Prior to the experiments, the animals were kept on a 12 h day=night rhythm and fed with standard laboratory chow and water ad libitum. To maintain normothermia, the animals were laid on a heating pad and the body temperature was monitored continuously using a rectal thermistor. For recordings of arterial blood pressure, the tail artery was cannulated immediately after induction of anaesthesia with a bevelled catheter of 0.3 mm OD. The direct arterial blood pressure was measured using a cannula inserted into the tail artery connected with a transducer and micropump. The recorder connected with the transducer allowed it to record on-line the value of MAP and to obtain its graphic representation during observations lasting several hours. Before measurements the cannula was lled with sterile isotonic saline and connected with a pressure transducer. Then the tip of the cannula was put into a small dish containing sterile saline, the transducer was turned on, and the micropump with the sterile saline was switched on with a constant ow of 0.2 ml=h. After 5 min the transducer was zeroed and ready for measurements. The cannula was inserted into the tail artery using microsurgical techniques, and the MAP was recorded. The surgical procedures were performed under a Zeiss operating microscope (Zeiss, Oberkochen, Germany). Monitoring of MAP was carried out with a standard single-way customer kit (TA107M Criti o Dom, OHMEDA, Great Britain) connected to a monitor (Sirecust 300D, Siemens, Germany) and printer (Servogor 310, Goerz, Germany). Heart rate (HR) was assessed using a digital oscilloscope (PM 3335, Philips, Germany), allowing visualization of the pressure curve of one single cycle. The MAP as well as HR values were obtained from digital display at 30 min intervals. To avoid blood re ux and subsequent clot formation, the cannula was constantly perfused with 0.9% isotonic NaCl using a micropump (Perfusor Secura FT, Braun, Germany) at a constant ow rate of 0.2 ml=h. This constant infusion served at the same time to substitute the lost uid volume caused by skin perspiration. Arterial blood samples were collected into sealed test tubes for blood-gas analysis at the end of each experiment. The experimental protocol for induction and maintenance of iso urane anaesthesia is shown in Table 1 .
Anaesthesia technique
Anaesthesia was performed using iso urane (Forene, Abbott, Wiesbaden, Germany) in spontaneously breathing animals. A vaporizer (Vapor 19.3, Drä gewerk, Lü beck, Germany) provided standardized gas concentration to the outlet tube. Iso urane was administered in a mixture of N 2 O=O 2 , with oxygen concentration of 32-36% (oxymeter, Oxydig, Drä gerwerk AG, Lü beck, Germany), at a constant ow of 0.5-1.0 l=min. The animals were placed in a plastic container of 20 cm diameter and 10 cm height, with a top inlet of 2 cm. A silicon tube providing an anaesthetic gas mixture was connected. Anaesthesia was induced by inhalation of 4% vaporized iso urane. This led to a rapid induction of anaesthesia within 15-30 s, allowing the animal to be placed in a supine position. It also allowed the type of inhalation to be changed to a tube of about 1.5 cm diameter surrounding the head and to reduce the iso urane vaporization to 1.5-1.7% (using a vaporizer setting after its calibration by the manufacturer). This concentration provided deep anaesthesia, allowing surgical procedures to be performed without any clinical sign of pain or changes of macrohaemodynamic parameters (MAP and HR). At the end of the cannulation procedure, the iso urane concentration was reduced to 0.8-1.3% to maintain an adequate depth of anaesthesia. This consisted of: no movements of the animal, no reaction to pain stimuli during surgical procedures, and stable blood pressure, HR and respiratory rate. In most cases, the ideal concentration of iso urane varied between 1.0-1.3%. Under these conditions, anaesthesia was maintained until the end of the experiments without the need to change its concentration.
To demonstrate the in uence of various concentrations of iso urane on the macro-haemodynamic parameters, in a group of six animals after 6.5 h of anaesthesia the isourane supply was increased stepwise by 0.5% every 5 min from 1% to 4%.
Statistical analysis
Statistically signi cant differences in MAP and HR occurring in response to changing iso urane concentrations were estimated using Friedman's repeated measures analysis of variance on ranks (SigmaStat, Jandel Scienti c, San Rafael, California). Differences were considered signi cant at P < 0.05. Values are presented as means § SD.
Results
In none of the animals anaesthetized according to the described technique were complications related to anaesthesia encountered. There was no death of any of the investigated animals. MAP curves showed oscillatory changes during the measurements with ranges of not more than 10% of the mean value. MAP and HR assessed every 30 min during the 4 h observation time remained stable without any statistically signi cant differences over time (Fig 1) . During the experiments, mean MAP and HR values over the entire period of observation were 79 § 3 mmHg and 486 § 13 min ¡ 1 , respectively, indicating the maintenance of stable macrohaemodynamic conditions ( Fig  1) . Measurement of arterial blood gases in six animals carried out 4.5-5.0 h after the onset of anaesthesia revealed normal oxygenation values (p a O 2 : 130 § 19 mmHg), moderate acidosis (pH: 7.29 § 0.06) and adequate pCO 2 values (35.6 § 4.7 mmHg). Increasing isourane concentrations showed a statistically signi cant reduction of MAP at vaporization pressures higher than 2.0%, not in uencing the heart rate (Fig 2) .
Discussion and conclusions
Experimental surgery in small laboratory animals is raising practical problems that are usually not encountered in human medicine. Among them are the need for special microsurgical instruments, uncertainties about the route of administration of the anaesthetic (inhalatory, subcutaneous, intravenous, intraperitoneal, etc.) and dif culties in monitoring the macrohaemodynamic parameters (MAP and HR). Observation of microcirculatory structures under intravital uorescence microscopy requires a type of anaesthesia that does not in uence observed microcirculation or in uences it to a minimal degree, that does not produce signi cant changes in MAP and HR. Since the mouse is widely used in experimental medicine, methods for long-term anaesthesia under stable MAP and HR conditions are required. Based on numerous published data (Dardai & Haevner 1989 , Henry & Casto 1989 , we used iso urane as the inhalational anaesthetic in the present study, as its administration and safety are easy to apply and control. This avoids problems associated with injectable anaesthetics, such as a long half-life, a lack of agents to reverse their activity in case of overdose or possible side-effects, and the relatively small differ-ence between therapeutic and lethal doses. Although newer techniques are safer and easier to handle, and some of them even offer the possibility of reversing the anaesthesia (Hu et al. 1992 , Clowry & Flecknell 2000 , Hedenqvist et al. 2000 their use in long-term anaesthesia remains dif cult.
Halogenated anaesthetics are reported to alter cardiovascular parameters, leading to moderate hypercapnia and acidosis, to depression of cardiac output, and to a decrease of MAP by their direct action on heart muscle, peripheral smooth muscle cells and the sympathetic nervous system (Becker et al. 1984 , Vollmar & Habazettl 1993 , Flecknell et al. 1999 . In our experiments a moderate acidosis after 6.5 h of anaesthesia was observed. Since no blood-gas analysis was done before induction of anaesthesia, Long-term anaesthesia using inhalatory iso urane in mice the statistical analysis of signi cance of the changes in blood gas values is impossible. The clinical relevance of the observed acidosis is dif cult to determine. From the pathophysiological point of view, any change in the acid-base balance has metabolic consequences; however in our studies it seems not to have in uenced the vital organs. More than 6 h of successful anaesthesia with no mortality during the experiments indicates that the observed changes were of little clinical relevance. Another problem is related to the lack of normal blood gas values in mice. Blood gas data are available from anaesthetized rats (pHˆ7.35 § 0.01, pO 2ˆ8 7 § 3 mmHg, pCO 2ˆ4 5 § 2 mmHg) (Smith & Jones 1961) or blood-gas analysis of samples obtained from the tail vein of mice (nˆ6) in our laboratory (pHˆ7.13 § 0.03, pO 2ˆ2 7 § 5 mmHg, pCO 2ˆ6 2 § 5 mmHg). Iso urane has been shown to in uence systemic arterial blood pressure and cardiac output only to a minimal degree (Vollmar & Habazettl 1993) . In comparison to halothane, which is known to attenuate myocardial contractility, the decrease of systemic blood pressure by iso urane is reported to be predominantly caused by reduction of peripheral vascular resistance (Markschies-Hornung et al. 1984 , Theisen et al. 1990 . Iso urane has also been shown not to in uence arteriolar vasomotion, i.e. the rhythmic oscillatory contractions and relaxations of precapillary arterioles in the microcirculation (Meyer & Intaglietta 1986 ). These ndings therefore suggest minor unwanted side-effects of iso urane on microvascular tissue perfusion, as demonstrated by Bö hrer et al. (1987) . Using the hamster dorsal skin fold chamber model, these authors reported a decrease of MAP by 20% of baseline values during iso urane anaesthesia.
The demonstration that iso uorane anaesthesia provides stable MAP for up to 6.5 h assessed in three different mouse strains (hairless, BALB=c and nude) underlines its usefulness for intravital observations of microcirculation. During our experiments the measured MAP changes varied no more than 10% during the entire anaesthesia period (Fig 1) . Moreover, in animals anaesthetized with increasing concentrations of iso urane up to 4.0%, no signi cant changes in HR were noticed. The lack of decrease of mean MAP under iso urane concentrations up to 2.0% demonstrates the therapeutic safety of this type of anaesthesia (Fig 2) .
In conclusion, the present study describes a simple technique of anaesthesia with measurement of macrohaemodynamic parameters for periods of up to 6.5 h. This method proved to be ef cacious for anaesthesia of hairless, BALB=c and nude mice. The technique described is useful for experimental studies in the mouse due to (1) the simplicity of administration of the anaesthetic, (2) the rapid induction of anaesthesia, (3) easy control of the depth of anaesthesia, (4) the low percentage of complications and (5) stable MAP and HR during observations lasting several hours. These factors make the proposed technique especially suitable for observations of the microcirculation using the intravital uorescence microscopy technique.
